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AERODYNAMIC CHARACTERISTICS OF THREE DEEP-STEP PLANING-
TATL FLYING-BOAT HULLS AND A TRANSVERSE-STEP HULL
WITH EXTENDED AFTERBODYL

By John M. Riebe and Rodger L. Naeseth
SUMMARY

An investigation was made to determine the aerodynamic characteris-
tics in the presence of a wing of three deep-step planing-tail flying-
boat hulls which differed only in the amount of step fairing. The hulls
were derived by 1ncreasing the unfaired-step depth of a planing-taill
hull of a previous aerodynamic Ilnvestigation to a depth of gbout 92 per-
cent of the hull beam. For the purpose of comparison, tests were also
made of a transverse-step hull with an extended afterbody.

The investigation indicated that the transverse-step hull with
extended afterbody had sebout the same minimum drag coefficient, 0.0066,
ag a conventional hull and an angle-of-attack range for minimum drag of
30 to 5°. The hull with a deep unfaired step had a minimum drag coef-
ficient of 0.0057; which was 14 percent less than the transverse-step
hull with extended afterbody; the hulls with step fairing had up to
4L percent less minimum drag coefficient than the transverse-step hull.
Longitudinal and lateral instability varied 1little with step fairing
and was about the same as for a conventional hull.

INTRODUCTION

In view of the requirements for increased range and speed in.
flying-boat designs, an investigation of the aerodynamic characteristics
of flying-bost hulls as affected by hull dimensions and hull shape has

lSu.persedes the recently declassified NACA RM L8I27 entitled
"Aerodynamic Characteristics of Three Deep-Step Planing-Tail Flying-Boat
Hulls" by John M. Riebe and Rodger L. Naeseth, 1948, and NACA RM L6J23a
entitled "Aerodynamic Characteristics of Langley Tank Model 203 with
Extended Afterbody" by John M. Riebe and Rodger L. Naeseth, 1946.

MMGJMIM



2 o : NACA TN 2762

been conducted at the Langley Aeronautical Iaboratory of the National
Advisory Committee for Aeronautics. The results of one phase of the
investigation, presented in reference 1, have indicated that substantial
drag reductions can be obtained for planing-tail flying-boat hulls if

proper step fairings are incorporated in the hull. In the present——

investigation, exploratory tests were made to determine whether further

drag reductions might be obtained on this type of hull by deepening the
gtep and thereby reducing the skin area.

Results of tests in the Langley tank no. 2 (reference 2) have
indicated that thée three deep-step hulls of the present investigation - —
would have satisfactory hydrodynamic cheracteristics.

Hydrodynamic tests (reference 3) have indicated that an extension
of the sternpost of conventional flying-boat hulls to the aft perpen-
dicular generally results in some improvement in landing behavior in
rough water. In order to. determine the effect of such a change on
the aerodynamic characteristics of one of the hulls previously tested
(model 203, reference 4) and for the purpose of ctomparison with the '
.deep-step planing-tail hulls, tests of a transverse-step extended-
afterbody hull were also made. ' i

As in the previous aerodynamic investigations of flying-boat hulls
(references 1, 4, and 5), all hull aerodynamic characteristics deter-
mined include the effect of-Interference of the support wing.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moménts. Rolling-moment, yawing-moment, and pitching- _
moment—coefficients are given about the locations (wing 30-percent-chord
point) shown in figures 1 and 2. Except where noted, the wing area, mean  __
serodynamic chord, and span used in determining the coefficients and
Reynolds numbers are those of the flying boat described in reference I
The data are referred ta the stability axes, which are a system of axes
having their origin at the center of moments shown in figures 1 and 2
and in which the Z-axis is in the plane of symmetry and perpendicular to
the relative wind, the X-axis is In the plane of symmetry and perpendicular
to the Z-&xis, and the Y-axis 1s perpendicular to the plane of symmetry.
The poeitive directions of the stability axes are shown in figure 3.

The coefficients and symbols are defined as followsi
C, 1ift coefficient (Lift/gS)

Cp - - drag coefficient (Drag/qs)
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drag coefficient based on volume v of hull Drag
qv2/3

drag coefficient based on maximum cross-sectional area A
of hull (Drag/qA)

drag coefficient based on surface area W of hull (Drag/qW)

lateral-force coefficient (Y/qS)
rolling-moment coefficient (L/qSb)
pitching-moment coefficient (M/qS¢)

yawing-moment coefficient (N/qSb)

when ¥ = 0

force along X-axis, pounds
force along Y-axls, pounds
force albng Z-axis, pounds
rolling moment, foot-pounds
pitching moment, foot-pounds
yawing moment, foot-pounds

free-stream dynamic pressure, pounds per square foot (pVQ/E)

wing area of %3-scale model of flying boat (lé.26h sq ft)

L

lo-scale model of flying

wing mean aerodynamic chord of
boat (1.377 £t)

wing span of %8-scale model of flying boat (13.971 ft)

air velocity, feet per second

mass density of ailr, slugs per cubic foot
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o . angie.of attack of hull base line, degrees
¥ angle of—yaw, degrees
R Reynolds number, based on wing mean aerodynamic chord of

fa-—sc&le model of flying boat

BCm/aa, rate of change of pitching-moment-coefficient with angle of _
attack

Cp/3V rate of change of yawing-moment coefficient with angle of yaw

BCY/BW rate of change of lateral-force cdéfficient with angle of yaw’

Ke fuselage or hull moment factor, equivalent to oCp/da, Cp
based on hull beam and length and o measured in radians
oCy .t
_B_ﬁ_ rate of change of fuselage or hull yawing-moment coefficient
A\ with angle of yaw, yawing moment based on hull volume and
measured about reference axis 0.3 hull length from nose
acn N , : . e
S5 rate of change of yawing-moment coefficient with angle of
B sideslip B, yawlng moment based on hull side area and
length and measured about reference axis 0.3 hull length
from nose and B in radians '
Subscript:
min minimum

MODEL AND APPARATUS

The deep-step hull lines of Langley tank models 221E, 221G, and 221F
were drawn by the Langley Hydrodynamics Division by increasing the step
of hull 221B of reference 1 from a depth which was 23 percent of the
hull beam to a depth 92 percent of the hull beam and by masintaining the
same helght at the sternpost. Dimensions of,the hulls are given in
figure 1 and tables I to III; drawings of the deep-step fairings are
shown in figure 4. The transverse-step hull with extended afterbody
(Langley tank model 203 with extended afterbody) was the same as Langley
tank model 203 of reference 4 with the exception of sternpost location
and afterbody angle of keel (fig. 5). Dimensions of the hull are given’
in figure 2 and table IV. General propdrtions for a step fairing for -
the transverse-step hull with extended afterbody are given in figure 6.

>
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The tesgt model was the same one used in the Investigation of
reference 1; transformation from one hull to another was facilitsted by
cutting the underpart of the model and by replacing interchangeable
blocks corresponding to each step-falring condition. The hull and
interchangeable blocks were of laminated-mahogany construction and were
finished with pigmented varnish.

The volumes, surface areas, maximum cross-sectional areas, and
slde areas for the hulls are compared in the following table:

Maximum cross- Side
Volume | Surface area
Hull (cu in.) (sq in.) sectional area area
: q in. (sq in.) (sq in.)
203 with extended | 13,338 4857 182 1845
afterbody

221F 10,35k L6k ' 182 1512

221G 10,90k hol7 182 1568

221F 11,502 h31h 182 1636

The hull was attached to a wing which was mounted horizontally as
shown in figure 7. The wing (which was the same as that of references 1,
b, and 5) was set at an angle of incidence of 40 on all models, had a
20-1inch chord, and was of NACA 4321 airfoil section.

TESTS

Test Conditions

The tests were made in the Langley 300 MPH 7- by 10-foot tunnel.
Test conditions are summarized in the following table:

q v R M
(1b/sq ft) (mph)
Tests with extended afterbody®
25 100 1.25 x 100 0.13
170 275 2.95 <35
Tests with all hulls
25 100 1.30 x 106 0.13
100 201 2.50 .26
170 27h 3.10 <35

&These tests were made first with just the
transverse-step hull with extended afterbody; sub-
sequent tests were made with this hull and the three
deep-~step hulls.
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Corrections

Blocking corrections have been applied to the wing-alone data and
to the wing-and-hull data. The hull drag has been corrected for

horizontal-buoyancy effects caused by & tunnel static-pressure gradient.

Angles of-attack have been corrected for structural deflections caused
by aerodynamic forces.

Test Procedure -

The aerodynamlc characteristics of the hulls with interference of
the support wing were determined by testing the wing slone and the wing-
and-hull combinations under similar conditions. The hull aerodynamic
coefficients were thus determined by subtraction of wing-alone coef-
ficients from wing-and-hull coefficilents.

Tests were made at several Reynolds numbers. The tests of the _
extended-afterbody hull with and without step falring were made before
the tests of the three deep-step hulls and were limpited in angle-of-
attack range because of structural limitations of the support wing.

The subsequent tests with all the models wére made with a reinforced
wing. As a result of the reinforcement, the angle-of-attack range was
increased and the angle of attack for minimum drag was reached at-a

Reynolds number of 2.5 X 106 with gll the hulls.

In order to minimize possible errors resulting from transition
shift on the wing, the wing transition was fixed at the leading edge by
means of roughness strips of-carborundum particles of approximately
0.008-inch dismeter. The particles were applied for a length of
8 percent airfoil chord measured along the airfoil contour from the
leading edge on both upper and lower surfaces.

Hull transition for all tests was fixed by a strip of 0.008-inch-
dlameter carborundum particles 1/2 inch wide and located at approximately
5 percent of the hull length aft of the bow. All tests were made with
the support setup Bhown in figure 7. ' ' '

RESULTS AND DISCUSSION

The aerodynamic characteristics of the deep-step planing-tail hulls
in pitch are presented in figure 8; aerodynamic characteristics in yaw
are given 1in figure 9. The aerodynamic characteristics of Langley tank
model 203 with extended afterbody in pitch are presented in figures 10_
and 11, &nd the aérodynamic characteristics in yaw are presented in
figure 12. _ - R : :

I
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langley tank model 203 with extended afterbody had a minimum drag
coefficient of 0.0066, which is ebout the same as for a conventional
hull of the same over-all-length - beam ratic (reference 4); the angle-
of-attack range for minimum dreg extended from 3° to 5°. Although the
angle of attack for minimum drag was not reached, extrapolation of the
date of figure 11 indicated that incorporating a step fairing which
extended nine times the depth of the step at the keel would result in
a reduction of gbout 1l percent in minimum drag coefficient.

The hull with the unfaired deep step, model 221E, had & minimum
drag coefficient of 0.0057 which was 1l percent less than the hull with
extended afterbody or a conventional hull. Comparison of the drag
results of hull 221E with those of hull 221B of reference 1 indicates
that increasing the step from a depth 23 percent of the hull beam to
92 percent of the hull beam resulted in a drag-coefficient reduction
of 12 percent. The hull with the falring which had elements approaching
straight lines, model 221F, had-a minimum drag coefficientof 0.0037;
according to reference 5 a streamlined body having approximetely the
game length and volume and the same wing interference had about 25 per-
cent less minimum drag. The importance of proper step-fairing design
in reducing serodynamic drag on deep-step planing-tail hulls is shown
by the larger value of drag coefficient, 0.0045, for hull 221G with the
concave step fairing. The drag coefficient for this hull configurstion
was about 32 percent less than the hull with extended afterbody; whereas
hull 221F with the fuller fairing was sbout L4 percent less.

Tuft studies of the step part of the planing-tail hulls (fig. 13)
indicate that the lower drag for the hulls with step fairing results
from the elimination of separation which occurs on the sides of the
unfaired deep-step hull.

Minimum drag coefficients based on the volume to the two-thirds
power (CDV)min’ on meximum cross-sectional area (CDA)min’ and on

surface area (?D‘) are presented in table V along with minimum

¥)min
drag coefflcients based on wing area. These data indicate that hull 221F
had the least drag for a unit volume and for unit surface areas.

It should be noted when the results of this paper are compared with
the results of hulls tested alone that subtraction of wing-alone data
from wing-and-hull data, the method used to determine the hull-and-wing
interference data in this paper, results in a lower minimum drag coef-
ficient because of negative wing interference drag. This characteristic
results because an appreciable part of the support wing was enclosed by
the hull and shielded from the air stream. Unless this favorable inter-
ference effect 1s consldered when comparisons are made with other hull-
drag or fuselage-drag data, the drag coefficients tebulated herein,
especielly (CDW)min’ may seem sbnormally low.
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As with the planing-tail hulls of a previous lnvestigation (refer-
egce 1), the angle-of-attack range for mlnimum drag oc¢urred from about
3° to 3°. _

Longitudinal and lateral instability, as shown by the parameters

Cm/da, oCn/dV¥, and Cy/3V (teble V), varied little with step fairing

and was sbout the same as for a conventional hull or for a hull w1th
extended afterbody.

In order to compare the results of these tests with results of .
investigations made of other hulls aund fuselages, the parameters Kr,
BCnf'/Bﬂﬂ, and OCp/dB, as derived from references 6, 7, and 8, respec-
tively, are also included. in teble V. The parameter XK, 1s a fuselage
moment factor, in the form of . BCm/Ba based on hull beam and length
where o 18 in radians. The yawing-moment coefficient Cnf' in

BCnf'/BW‘ is based on volume and is given about a reference axis 0.3

hull length from the nose. The parameter.. doCp/0B is based on hull side
aree and length, where the yawing moment is also given about a reference

axis 0.3 hull length from the nose and B . is given in radians. Insta-

bility as given by the parameters BCIH./Bﬂﬂ and oCp/08 agreed closely

with values given in references 7 and 8.

CONCLUSIONS

The results of an investigation to determine the aerodynamic char-
acteristics of three deep-step planing-tail flying-boat hulls which
differed only in the amount of step fairing and, for the purpose of

comparison, of a transverse-step hull with an extended afterbody indicated

the following conclusions:

1. The transverse-step hull with extended afterbody had about the
same -minimum drag coefficient, 0.0066, as & conventional hull.

2. The planing-tail hull with a deep unfaired step had a minimum
drag coefficient of Q. 0057, sbout 14 percent less than the transverse-
step hull with extended afterbody; the hulles with step fairing had up
to 44 percent less minlmum drag coefficient than the transverse -step
hull. -

3. The angle-of-attack range for minimum drag was generally
between 3° and 5° for all planing-tail hulls tested.

(ANERY
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k. Longitudinal end lateral instability was the same for all
planing-tail hulls and was about the seme as for the transverse-step
hull with extended afterbody or for a conventional hull.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., October 6, 1947
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CFFSETS FOR LANGEY TANE HOIEL 221K
[A11 dineneiocos are in inched]

01

Lot Heights and half-bresdths of bottom of hull for buttocks of -
Keel |gove |0PPST chins | Lower | Raaims E;ifukb;ll i-;.neur Angle
above | ahove ‘-‘-.:f;: wbove | oRLns | and hade | OF uh“g“-ﬂ"“ of L L
base |pag half | marimom chine [ 1 i 1
line li'n: ?if:: ljar;: b — cﬁ;:r I{E: flare |3 12 |1 in. |15 in. 2 In. 25 1in.| 3 in. |35 4n. |4 1n. | 47 in
(asg)
P, 1030 10.30 ] 0 0 11.00 | 11.00
% ¥ 8.36 | 2.30 2,30 w9 | 1198 |10 [648 |74 | Bak | B8.32
1 3.76 6.TL | 3.06 306 1572 | 1266 | 10 k2 |530 | 6.09 | 656 | 6.77 | 6.T2
2 1.8 Lo |3.86 i.% 1736 | 135 |10 |[240 | 296 | 353 [ k01 | &38| A0 b .6%
2 4o 3.8k | h32 .32 %08 | 10 |1.20 |25 2.06 | 2. 285 | 3.0 3.25|3.28
K- 236 | 4 461 1932 | kse | 10 58 a2 | 1.5 | 2. 1.89 | 2.1k 2.33 (2.4 | 2.38
] Ok 18479 &, 19 60 1k .80 10 .29 55 B0 |10k | 1.30 12 1. {182 | 1.85
[ o 1 1.5 & 19.88 | 1h.99 5 29 he a5 T8 981118 1.33{1.k6 | 150
7 o 1 h9o h.92 19 .99 lg.gg ] a8 36 55 T3 92 | 1.09 1.23|1.33 1.h0
8 [} 10.29|W0.29| 140 ko925 L.92% 20.00 15. o a8 36 5 ] 92 [ 109 123|133 | 1m0
9 o 10.32| 047 139|550 4,925 | 20.00 | 15.08 36 13 1.09 1.33
10 [} W0AL[10.8] 112|334 4.925 20.00 15.08 36 13 1.09
n [} §.33|10.65 26 T3 L.925 20,00 15.08
n&r 0 908 0.87f o |0 8925 | 20.00 | 15.08
:u.i-.-. 9.08 | 9.08| 10.87 w925 | 20.00 | 13,08
1e 9.5 | - 1101 h.52% | 20.00 15.08
:i 9.0 1138 | X:1 0 20,00 15 09
X 9.75% 11.36 :.as 20.00 151k
5 9. 11,51 . 20.00 15.25
156 gﬂ 165 hg 20.00 15.39
17 10 ' 1. ka3 ﬁgg 1557 [ 1] i
18 10.3% pis kay . 15.83 | - '
19 10.53 11,.9% 3.87 20.00 16.13
20 1072 11.99 3.50 20.00 16 .50
£ 10.91 12 3.08 20.00 1652
22 11.09 1a 2.61 20.00 17.36
g 11.28 1206 245 £0.00 78 |,
11 .47 12.08 1.69 20,00 18.31
£5 11.56 1240 1.2 20.00 18.78
28 11.6% 1232 76 20. 00 19 .0
o7 1202 1212 31 [ 20.00 | 19.%
AP 121 1812 o 24.00 19.90
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TABLE IT

OFFSEES OF LANGLEY TANK MOIEL 201G

[mumummi.nmhe_u]

us Line Heights and hatf-hreadths of bobtom of hull
Cova [ipper|Lover e [ ana Helght] p ‘:i‘.h
gta~ Dltance [Keal ahove |chive|chine [y sl pare | OF [cen- Buttocka Water line
to |shave ball | o [Shtine {1n.) (in.)
ticn pop. [pase [base above b':::'han maxi-| L flare
* |15na [line [base [beem | wom o] 2DOVE (dex)
1ine | lins boam, [ o TveT] base 1 2 3 b 1 a 3 L 5 6 7 8 9 10 1
ins | q4p.
TE.| O 10 .30 10300 0 1 .00 | 21.00
-;- 23 | 349 8.30(e.30 (230 [k.29 [11.98] 10 |79 |B32
1 k.25 | 3.76 6.71[3.06 {3.06 N5.72 [12.66] 10 |5.30 | 6.56 [ 6.72
e 8.5 |1.8 44913.06 [3.86 [17.36 |13.50| 10 |2.96 | k.01
3 12.75 £ 3.2%h.32 |k.32 N84 [2h.oB| 10 (164|249 (3.0 |3.08
k 17 00 ﬁ eﬁ haL k6L Dode fahsz| 20 | .92 ]1.58 |20k |2A2
5 2L.0% 14 4. h.g 19 .60 |1k .BL| 20 B 1.0 [1.52 11.62
6 2.5 | o 1:3‘]). 4.@ % 19.688 |1k .99] 5 78| 138 |1.48
g 29. 0 1hojk92 %92 hooo [15.071 © | 36| 13 |1.09(1.33
3400 | 0 1ﬁ LAo0h.g23(k.90% bo.00 |25, o | .36) 13109 (133
9 8.9 |o 1 1.39|h0 [4.925 [20.00 |15 08 361 3 [1.09 |1.33 55 kb2 |hoo [R.TE |h.B2 | 4.8
10 2.5 | o 1.2 112344 [h.925 [20.00 1% o8 36| 31109 | M9 3:23 3.60 |3.803 |h.0B k.31 |55 ks |4.88
n k6.5 | o 36 86| .73 [h.925 [P0.00 [15 08 1.07 338 [555 {T-0 | o5 |1 1.8 |2.30 {2.75 [3.20 |3.65 {420 b0 | k.82
1—‘%? kr90 [0 .10 o |o k.23 P0.00 | 15.08 2.k3 |hMo |6.35 {B.31 | b | 79 [1.28 {1.79 |2.30 |2.82 [3.33 [3.89 |33 | kT3
_u%; Mtso | o k.925 |30.00 {15.08 2h3 |hAo {6.35 [B.31 | .38 | -T9 |1.28 |1.79 |2-30 |e.82 |3.33 |3.89 |h.33 | b.T3
ie .00 | 3.63 k.925 |20.00|15.08 5.15 16.95 | 7.96 |9.36 2| 9L 160 [232 305 [3.7h | RAe
13 5.5 | 6.00 k.91 |20.00|15.09 736 835 9.31 Mo, L2 65 [2.68 | 3.5 s
1k %0 | By .85 |20.00|25a% 8.79 |9.A2 po.o7 flo. Ao | 2.88 kAo
15 6.5 | 920 h.E 20.00 [15.25 9.9 |10 1111 1.8e .83
16 L0 9.7% b6l ' |o0.00(25.39 Lo L0.57 L1368 72 320
}3 72.25 [10.0 A3 lec.00|15.57 o ’i&ﬁ 3. 08 243
T6.50 [10.3% 11 .86 b7 lec.o0|25.53 no0b9 u.grsl 11.83 L .88
19 .1 [10.53 1) .54 3.87 |20.00(|2643 10,90 fLt. . .
20 05.00 Po.72 1 .99 3.50 ' 120.00[16.50 &g 1.8
21 B.es [10.51 .2.03 3.08  |po.00 |16 92 11,67 00.02 23
bt 9350 PL.09 12 .0k 2.6L ; 120,00 |17
E 9T.75 [11.28 12 .06 2.2 20.00 J]:Z-g
102.00 [AL .47 [Lo .08 1 20,00 21831
25 106.25 [11.66 12 .20 r.g2  |en.oo |18.78
26 11050 [11.85 1.1 “76  |20.00 [10.2%
e7 1.7 1202 AT 31 |20.00 |29.69
AF. [116.65 Pzag ne.Je 10 Iao.oo 19.90
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TARLE TIT
CFFEETS TOR LAMGLEY TANK MOIEL 221F
E\Jldimmm!nimhnu]

Upper [Lover E:::?s Haight Lﬁ;' Angle Heights and half-breadtha of bottom of hull
M staacs] Ezel (Cove | byne|china I"'"'nm" of |cen- | o - -
o |anove [svowel o o e [OEA09] B |y e |oirine Buttocks Water line
r.p. | P8 base 1308 [bace bean ::"" &t abou-rrj.ua (4n.) {1n.)
* | 1ine |1ipe {345, |1dne zenter| hase
DeaR | 1ina | 14me (ead] 2 3 b 1 -a ) 3| & > & | 7
rE. 0 10.30 10.30(0 ° 11.00 |11.00
i 2a3| 549 8.30|2.30 |20 |1k.29 |11.98] 10 | 7¥3| 832
1 . 67113 .06 15.72 [12.66| 10 | 3.30| 6.96] 672
2 2| 18 Y5 %.% I8 |BE s e | 2R 5|+
E 1275 &0 3.4 k.30 h.%i 181 [28.08| 10 | 1.6k| 29| 3.10| 3.-26
1700 27 £.36(k.61 | k.61 |19.a2|1h.52| 10 92| 1.58] 2ak| BA2)
5 [l | oh 1L.Ek.79 | h.79 |19.50 | 1k.BL] 10 55 1.08) 1.52] 1.82
[ 50 o 15445 | b5 19.88 | k59| 39 4o| 78 1.08] 1
7 2.3 0 1.koih 92 |RoE2 |2999|1%07] © 36| o3| 1.08] 1.3
8 L0 0 1.50 3. oy 924 & 925 | 20.00 15.08| 0 36| 3| 1L.09] 1.33
9 38251 0 |1Ag 1.391k =0 | 5.925 | 20.00 | 15.08 36 B|-1.091 133 x50 boe| &.57
0 Rmol 0 [1.22 1.32{3 .14 | 3925 | 20.00 | 13.08 B 109 2.6el 3.6 bail 55| Lgs| b8
11 Wsf o 36 26| .73 %925 | 20.00 | 13.08 56| 1.80| 3.03] B J..%z 227 2.99| 3.68{ 4.17] L6 L.B0| k.90
F| ¥o0| 0 10 o [0 7 |%529|20.00]| 15.08 16| z.29| 352 50| B8] 1. 2.60] 3.33] 3.95] A L] k72| b6
AR Al MT.90| W10 k.925 | 20.00 | 15.08 136 2.29) 3.5 5.26] .84 L.73 2.6 3.33| 3.95] A.bai k.72 1.4
1z 51.00f XA2 h.92% | 20,00 | 13.08 245 358 k.73 6.27 a1 1| zaol 3a7] 3.85] 335| k671
;.i 25| 335 R 3L |ad.oo | 1309 &6 5.20 6.3 E:D - 1-6;] 2-Tal- 350 b 5.5 | b0
%950 T .86 |20.00| 15k 5 6.65 TATl 8.95 © W25 L3P 23T 3. k5T | &.05
15 2%.75 §.26 ks |20.00 [ 15.85 E'OT 7.9 8.B%f 9.93 07| 2.1 &k.0% | &.68
16 £O @58 2L | 20,00 | 15.39 29| 9.05 9.8410.11 318 | k.27
17 “T2.25| 8.T2 kA3 [20.00} 1557 9-33] 9.97]10 68111 .2 357
18 Ts50| .52 11.66 LaT {20.00| 1588 152810 .66 12, .17 11 .74 2.7
19 .7 10.89 11 .95 3.87 {20.00| 1613 107061233 12,54 i 1.7k
0 85.00| 10.71 11.99 3580 |z0.00| 16.50 1106121 b 11 .80 -6
el £9.05%1 10.90 mﬁ. 3.08 |20.00| 16.99
2 93,50 11.09 12 261 (20.00| 17-
o3 97.75| 11.28 12.08 215 (20,00 | 1.
o 1W02.00] 1147 1e.08 1.69 |20.00| 18.31
o 106.25| 11.66] 1210 1.22 |20.00 [ 18.78
26 11050 11 .5 12 76 |20.00 | 19.2
a7 11k.5| 12.0 12 31 |20.00 | 19.69
AP | 116 1R 12 20.00 | 15504
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TAELE IV
COFFSEDS FOR LANGLEY TANK MODEL 203 WITH BXTRENOED AFTERBODY

I:IJJ. Amensions are in mmg!]

29Le NI vOVN

Forebody bottom, heights above base line
Erel [Chine [Redius ond |Height of | 14P® ©F |Angle of for tuttocks of
above |above |bulf beam | mull at | CoOEeTE | oHine
base |bage at center ebovs flare
11 |t o e m (158) %m. 1 in. %m. 21n, |2k 1n.| 3 m. 3%1:;. b in.
. 10.30 |10.30 0 11.00 31.00
% 549 | 8.30 £.30 14.29 11.98 0 648 [ 749 | B8an | 832
3 6.7 3 .06 15.72 18.66 0 Lz | %30 ] 6.09( 686 | 6. 6.72
g 1 4 .59 i.% 17.36 13 .50 0 230 2.96 3 k.01 l;:%é .60 b 5N
3 £ | 3.2 32 180 09 w 1|16k ]| B ahg 1 2 310 | 3.5 3.28
4 .ﬂ 2. h.61 19.12 1k .58 0 =9 S2 | 188|188 1.89 | 2k | 2.33 | 242
s 1. 4.79 19 .60 W .B 1o 20| s Ao 1ok | 130 | 152 170 1.8
6 0 1, k.00 19.88 1A4.99 1 a9 M0 o9 8 58| 1.18 ) 133 146
g 0 1 k.92 19.99 15.0T 0 a8 36 ] T 92 | 1.09 .23 | 1.33
0 1.k L .925 20 .00 15.08 0 18 36 a5 T3 S8 {109 | 2.23| 1.33
9 4] 140 4,925 20.00 15.08 0 ki) .36 ] T3 92| 1L.09 1.23 | 1.33
10 [+] 1.h0 4 .92% 20.00 15.08 0 18 .36 55 T3 H2 | 1.00 1.23 | 1.33
1L 0 1.40 L .995 £0 .00 25.08 (] 218 .36 K T3 S| 109 | 21.83) 1.33
ler 0 140 4 .90% 2000 15.08 0 i) .36 5% T3 92| 1.09 1.23] 1.33
12 A 1.15| 2.9% 492 £0.00 15.08
}i 178 3.8 401 20 .00 15 .09
241| & .86 2000 1514
15 3081 hoTT b, 20 .00 1%.83
16 366 5.34 4 20 .00 15.39
:I.Z k.29 %.90 43 20 .00 1547
b T hge| 6.4k haT £0 .00 15.
19 595 6.96 3.87 .00 16.13
o 6.17| TMk 3450 20.00 16.%0
o 6.8} 792 3.08 20.00 16.92
22 743 8.&8 2.61 £0,00 17
g 8.06] 8. 2.}3 20 .00 17.
8.5} 9.31 1 20 .00 18.%
2 931 9.71% 1.22 20 .00 .
6 9.941 10.22 .76 20.00 19.2
7 10.57] 10.68 .31 £0 .00 19 49
AP, 10.85| 1l0.89 Jo £0 .00 19.90
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DRAG COEFFICIENTS AND STABILITY PARAMETERS FOR LA%SICE.EY TANK

WOIELS 221E, 221G, 221F, AND 203 WITH EXTENIED AFTERBOTY

TARLE V

[The drag coefficlents are given for a Reynolds number
of sbout 2.50 x 108

JHONCERONE
Mosel \Cp | (eoy) (CDA)mm @Dw)m = | & (EF w20 | \O¥ "/ 220\38 /g0l \O¥ / a0
203 with 0.0066] 0.03L | 0.095 | 0.0036]0.00%0}1.10| ¢.0011 0.027 -0.098 | 0.0050
extended

afterbody

2P1E L0057 032 L82 0036] .0050(1.10| 0010 029 -.098 0048

_ /

2216 0045 024 065 00281 .0050{1.10| .00x0 026 -090 .00%0
20T .oo37i 019 053 0023 | 0050 |1.10| 0010 026 -.090 0050

o

kil I+E'.|_.I

HwT
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Figure l.- Lines of Langley tank models 221E, 221G, and 221F. “NACA~
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Figure 2.- Llnes of Langley tank model 203 with extended afterbody.
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NACA TN 2762 17
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Re/ative wind

. Figure 3.- System of stability axes. Positive values of forces, moments,
and angles are indicated by arrows.
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Figure 4.- Langley tank models 221E, 221G, and 221F
Langley 300 MPH 7- by 10-foot tunnel.
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Figure 6.- General detalls of step falring for transverse-step hull with
extended afterbody. BOttom view of hull.
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Figure 7.- Langley tank model 221F mounted in Langley 300 MPH
T- by 10-foot tunnel.
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Figure 8.- Aerodynamic characteristics in pitch of Langley tank models
221E, 221G, and 221F, '
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Figure 9.- Aerodynamic characteristics in yaw of Langley tank models 221F s
221G, and 221F." a = 29; R ~ 1.3 x 106,
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Figure 10.- Aerodynamic characteristics in pitch of Langley tank model 203
with extended afterbody without step fairing.



26 : -z -~ -+ . NACA TN 2762

04 -
N
© -
NS
89 oo
N |
N
<o @
3o ]
N0 .
N s
Q a No step fairing
N o Step faired
¢ X -
R
N
E 0/ @\@\
N R0
Q 0
N z
N\
5 .
Y o
8 ' d—d—aeoTEP | L
X T AT
~ -2 | = 3

8 4 0 4 .8
Angle of attack &, deg

Figure 11.- Aerodynamic characteristics in pitch of Langley tank model 203
with extended afterbody with and without step fairing., R ®2.95 X 106,_»
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Figure 12.- Aerodynamic characteristics in yaw of Langley tank model 203
with extended afterbody without step fairing. o = 2°; R = 1.3 X 106.
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(c) Langley tank model 221F. a = 4°, W

Figure 13,3 Tuft sfudies of Langley tank models 001E, 221G, and 221IF.
Tests were made with models mounted on 8ingle strut support.
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